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Abstract 
Onion leaves monophenol monooxygenase and o-diphenol oxidase were extracted by salt and solvent method 
followed by purification on affinity column using natural affiant. For the fabrication of enzyme-based biosensor, 
composite matrix of natural biopolymers agar-Abelmoschus escucentus gum was used to immobilize monophenol 
monooxygenase and o-diphenol oxidase. L-tyrosine and L-dopa were used as substrate for the measurement of 
phenol. Monophenol monooxygenase and o-diphenol oxidase oxidizes phenolic substrate to the corresponding 
quinone to allow convenient low-potential detection of phenolic analyte. In the enzymatic catalysis, reduction of 
quinone to phenol was also observed using (vs.Ag/AgCl) at a platinum electrode. The Vmax for tyrosine and dopa is 
102.4 and 108.2 μM/litre/min where as Km is 11.26 X 10-3 mM and 11.90 X 10-3  mM respectively. The biosensor 
exhibited good performance in terms of reusability, linearity, sensitivity, fabrication, simplicity, shelf-life and 
operational stability. Thus, the biosensor is suitable for the analytical quantification of phenols 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Institute of 
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1. Main text  
1. INTRODUCTION:  
Integration of enzyme into an electrode attracted much interest in the development of micro-biosensors [1] 
based on conducting polymers and enzymes. Conducting polymers have the ability to transfer efficiently 
electric charge produced during the biochemical reaction to the electronic circuit. Advantage in 
application of conducting polymers is that they can be directly, chemically or electrochemically 
synthesized on electrodes of any size and geometry. In view of major concern regarding toxicity, 
considerable attention has been given to the reliable quantification of phenols in complex environmental 
matrices. Biological treatment methods are cheaper than physical or chemical treatment methods for 
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measuring phenolic compounds [2]. Electrochemical biosensors based on immobilized tyrosinase have 
received the major share of attention.[3] The existence of phenols as pollutants of air, water and soil are 
harmful to human life due to exposure. In view of major concern regarding toxicity of these compounds, 
there is growing need for innovative devices to monitor phenols in complex environments, food, 
pharmaceutical and industrial matrices etc.  
Polyphenol oxidase (PPO) is a group of enzyme viz monophenol monoxygenase and o-diphenol oxidase; 
that catalyses the conversion of phenolic substrate to the corresponding quinine that can electrochemically 
reduced to allow convenient low-potential detection of phenolic analyte. [4]When biological treatment 
used alone, have a serious limitation in treating nonbiodegradable or toxic chemicals. An alternative is to 
use PPO which is having commercial applications but may have limited operational stability. It means 
that continuous supply of large amount of fresh pure enzyme is required. However, enzyme immobilized 
is an excellent technique to overcome this problem due to its high storage stability and better control of 
the catalytic process.[2] Immobilization of PPO with an electrochemical transducer for adsorption [5] or 
cross-linking [6] entrapment in polymer films and hydrogel [7] has been reported. The biomolecule 
entrapment in electro-generated polymers such as polypyrrole and PANI were studied earlier [8,9]. 
Biosensors are attractive alternative technique due to their unique characteristics such as selectivity, the 
relative low cost of realization and storage, the potential of miniaturization and easy automation and the 
rapid operation. Therefore attempts were made to electrochemical measurement of immobilized onion 
leaves PPO on composite matrix agar; Abelmoschus escucentus gum (3:1). Agar and agarose is naturally 
occurring polymer having high permeability towards water, produce good adhesion property and natural 
ambient for the enzyme [10]. The composite material provides sufficient accessibility to electrons to shuttle 
between the enzyme and the electrode. Its good film forming, non-toxicity and biocompatibility has 
developed growing interest in using it for the PPO entrapment and subsequent fabrication of biosensor.  
2. MATERIALS AND METHODS: 
2.1 Materials:
Onion leaves PPO (tyrosinase and dopa oxidase) and gum from Abelmoschus escucentus was used. Agar 
was obtained from SRL, glutaraldehyde from Loba, L-dopa, L-tyrosine was obtained from S.D.Fine. All 
other chemicals were of analytically pure grade and all solutions were prepared with water from Millipore 
Milli-Q system. 
2.1.2 Apparatus:
All experiments were carried out in an electrochemical cell with a working volume of 3ml with a 
conventional three- electrode system. The working electrode was glassy carbon enclosed with an enzyme 
layer and a platinum wire as the counter electrode. All the mentioned in this study here are relative to 
Ag/AgCl (3M KCl) reference electrode. 
 
2.2 Methods: 
2.2.1   Preparation of immobilized PPO film:  
PPO was entrapped in Abelmoschus escucentus gum: agar (3:1) composite by the method of Tembe S., et 
al. 2008[11] with slight modification. Aqueous solutions of agar (1%) and Abelmoschus escucentus gum 
(3%).At optimum temperature 4000 IU and 1900 IU activity of monophenol monooxygenase and of o-
diphenol oxidase were mixed. The resultant slurry was poured into petridish. After solidification cubes of 
4 mm were made by cutting the gel and incubated overnight at 40 C. Activity for monophenol 
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monooxygenase, o-diphenol oxidase and protein were estimated.  
 
1.2.2 Fabrication of carbon paste enzyme electrode:
The working electrodes were monophenol monooxygenase(10μl) and o-diphenol oxidase (10μl) modified 
glassy carbon electrodes. They were prepared by immobilizing monophenol monooxygenase and o-
diphenol oxidase in Abelmoschus escucentus gum and agar (3:1) composite separately. Both the enzyme, 
paraffin oil and the modifier were heated and mixed well on stirrer to obtain dry powder. Composite gel 
(10μl) containing appropriate protein (45μg) was determined by Lowry method [12] that was directly cast 
on the active surface of glassy carbon electrode. The electrode was dried and preserved at 40C to retain 
activity until use. For the detection of this catalytic activity Shimadzu UV-1800 spectrophotometer was 
used. 
 
1.2.3 Electrochemical measurement: 
Monophenol monooxygenase and o-diphenol oxidase was determined electrochemically by measuring the 
intensity of current. In turn, intensity of current corresponds to the electrochemical reduction of 
enzymatically generated quinones. For this, working electrodes were monophenol monooxygenase and o-
diphenol oxidase modified glassy carbon electrodes prepared by immobilizing both enzymes in agar: 
Abelmoschus escucentus gum composite. This working electrode immersed in 100 mM phosphate buffer 
pH 7.0 and calomel electrode against Ag/AgCl (sat. KCl) was used at room temperature. The 
concentration of enzymes were varied from 10 μl to 100 μl. Construction of electrode is used for the 
detection of tyrosine and dopa ranging from 10-1000 μM. 
Enzyme activity: one unit of activity was defined as an increasing absorbance by 0.001 per minute at 480 
nm using 100 mM phosphate buffer pH 7.0. To check activity of immobilized PPO in membrane by 
various concentration of substrate. 
 
1.2.4   Stability and reusability :  
Stabilization was observed for immobilized monophenol monooxygenase and o-diphenol oxidase by 
storing   at room temperature and at 40C.  
 
3. Result and discussion 
Monophenol monooxygenase and o-diphenol oxidase are copper containing mixed function 
oxidoreductase enzyme. They catalyze the reduction of molecular oxygen by different electrons donors 
like phenolic compounds. The fabricated PPO electrode was used for the detection of substrate in the test 
solution. The PPO electrode has an advantage over direct electrochemical oxidation of phenol because of 
its low potential detection (+0.1 to -0.2V vs Ag/AgCl) as compared to (+0.80 to +0.95 V Ag/AgCl). Since 
at higher voltage the enzymatically produced quinone acquires polymerization and is responsible for the 
fouling of electrode.[13] Low detection limit for tyrosine and dopa is possible which recycled as against as 
a substrate because it produce efficient signal. Reduction current measured at -0.1V were indicative of 
enzymatic activity of electrode. In fig 1 A showed linear response for phenol and calibration curve is 
shown in fig 1 B. This explains that the magnitude of the change is related to the concentration of the 
substrate (or the target in the test solution).The sensitivity towards dopa is more as compared to tyrosine 
but the linearity order is in reverse which is similar to the earlier observations with other biosensors.  Loss 
in the linearity at higher concentration of the phenolic compounds attribute to slow surface fouling by the 
reaction product. (Table1)  
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Table 1 Electrochemical measurement of entrapped onion leaves PPO electrode immersed in 100mM Na-
Pi buffer.  
 
 
Sr     Substrate                r2       Km                Vmax                  pH      Storage     Reusability   Sensitivity   Linear       Detection         
 No.                                       (10-3 mM)   (μM/litre/min)     optima    stability                                            range (μM)     limit (μM) 
 
E1 L-Tyrosine 0.9626 11.26  102.4  7.0  4 months  Yes  Yes  0.56- 1.7 0.14 
E2 L-Dopa  0.981 11.90  108.2  7.0  4 months  Yes  Yes   0.5- 1.5 0.04 
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Figure 1. A. Linear response to substrate L-tyrosine and L-dopa. B: Calibration curve for L-tyrosine and L-dopa. C: 
corresponding Lineweaver-Burk plot. D. Voltamerogram of a. L-tyrosine and b. L-dopa Electrode, agar:
Abelmoschus escucentus gum entrapped onion leaves PPO electrode. 
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Electrochemical measurement of onion leaves monophenol monooxygenase and o-diphenol oxidase 
showed increase in potential after addition of substrates in the 100 mM phosphate buffer pH of  7.0 on 
enzyme immobilized electrode.(Table2) 
 
Table 2 Electrochemical measurement of free and entrapped onion leaves PPO on calomel electrode   
against Ag/AgCl electrode for solution of increasing substrate concentration 
 
 
Conc. of  
Substrate           L-Tyrosine                                                         L-Dopa 
                      Free E  Immobilized E    Immobilized + S (10-3)  Free E  Immobilized E   Immobilized E+ S 
10                    0.42            0.121                          0.55                   0.03          0.145                     0.11 
20                   0.45              0.122                         0.21                    0.038         0.145                    0.16 
30                  0.46               0.13                            0.38                  0.062           0.145                 0.142 
40                   0.47               0.158                        0.58                    0.062          0.145                  0.142 
50                   0.48                  0.16                       0.06                    0.006            0.145                  0.142 
 
 Fig 2 A suggests that increase in linearity of substrates decreases the quinone which is liberated in the 
enzymatic reaction by enzyme electrode. The results coincides with calomel electrode against Ag/AgCl 
electrode for solution of increasing substrate concentration.(Fig 2B) Various pH values of 100mM 
Phosphate buffers  were tested to get the pH optima. Better results were obtained at optimum pH of 7.0.It 
means electrode can protect enzyme against high OH concentration. It is produced by the high applied 
potential in which oxygen evolution occurs, is believed to be responsible for the oxidation of passive ting 
layer on the surface/undergo polymerization of electrode surface.[14] 
 
After oxidation, oxygen from hydroxyl radicals at electrode surface transfer and produced quinones. As a 
consequence of radical formation with subsequent polymerization, the practical oxidative destruction of 
phenols has become problematic due to the inevitable fouling of the anode surface .Surface fouling due to 
the building of adsorbed reaction products also catches problems in the electro analysis of phenol. 
Electrochemically generated passive film is strongly adherent and continuous over the electrode surface. 
Therefore, attention to their unique electrochemical properties like very low background current and long 
term stability of the response is very important.  
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Figure 2 Electrochemical measurement of A. entrapped onion leaves PPO electrode immersed in 100mM Na-Pi 
buffer.   B. free and entrapped onion leaves PPO on calomel electrode   against Ag/AgCl electrode for solution of 
increasing substrate concentration. 
 
The sensor showed linear plot with a linear regression equation as y = 0.151x + 0.5247, r2 = 0.9955 for 
tyrosine and y = 0.1363 x + 0.4183, r2 = 0.9945 for dopa. y represents the current (ȝA) and x represents 
the substrate concentration. Corresponding Lineweaver-Burk plot for the substrates, the apparent Km and 
Vmax values are calculated from the data in Fig 1C. r2 indicated excellent response reproducibility and 
rapid stabilization of the background current. Consequently; are expected to be promising electrode 
materials for the practical application of the electrochemical detection of phenols.  
 
For the determination of the correlation coefficient square root of r2 is required which is almost 1(0.9955 
for tyrosine and  0.9945 for dopa)  indicating an excellent fit between the data points and the regression 
line and showing that as 1/S increases, 1/Vo increases. The equation of the line is used to provide the Km 
and Vmax values for the enzyme.  
 
The Y-intercept  = 1/Vmax.  
The slope of the regression line, is equal to Km/Vmax,  
So      Km =(Vmax)(Km/Vmax).  
 
The Vmax for tyrosine and dopa are 102.4 and 108.2 μM/litre/min respectively. Enzyme electrode half of 
those two electrodes confirmed with the protein amount entrapped in electrode. 
Km for tyrosine and dopa are 11.26 X 10-3 mM and 11.90 X 10-3  mM respectively. Km values PPO are 
related to the morphology of matrix. (fig3).  
B 
Figure 3 Surface morphology of Enzyme electrode and immobilized PPO: 
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Figure 3 SEM images of the surface Enzyme electrode-  
I]A: AE  ii]E + A: AE iii]Enzyme Biosensor base Agar:Abelmoschus Escucentus gum iv]Composite of 
film v]SEM of immobilized PPO vi] PCM of immobilized PPO.  
 
Reusability 
Use of immobilized enzyme on solid support or entrapped with soluble matrices have been considered 
over the use of free enzyme. As they allow for the reusability of the biocatalyst thereby lowering the cost 
of the process. These increase the stability of enzyme and allow for separation of the biocatalyst from the 
reaction products. This is very important factor as far as PPO is concerned as it is susceptible to an 
irreversible inactivation upon contact with its quinoid reaction products.  
Storage stability 
Decrease in enzyme electrode was observed at 9 mM of L-dopa and L-tyrosine which attributed to 
decrease the rate of formation of product. Enzyme can easily lose their catalytic activity and denatured so 
careful storage and handling are essential. To determine the storage stability of electrode against 
repetitive use and its shelf life 30 measurement were done for operational stability which was monitored 
at room temperature and at 4oC. Loss of activity was observed after 2 days when kept at room 
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temperature but retained 80% enzyme activity till 4 months at 4oC. When the composite matrix stored in 
buffer pH 7 it retains the activity upto 8 days at room temperature. 
4. Conclusion
Tyrosine and dopa was used as a substrate for the biological selectivity. The bio- electrochemical reaction 
of tyrosine and dopa was rapid and reproducible. An easy, rapid extraction of enzyme is exhibits quick 
way of preparing a biosensor. This study suggests low detection limit for tyrosine and dopa is possible 
which recycled as against as a substrate as it produce efficient signal. Agar: Abelmoschus escucentus gum 
diffuses the layer of enzyme and micro channel filled by electrolytes which restores enzymatic activity. 
Enzyme entrapped in this matrix retains activity to a large extent and high sensitivity, long term stability 
(4 months) near about 80% stability. Beside this stability, electrodes have good response towards applied 
potential and pH. Change in pH shows the solubility of polymer and co-entrap within the electrode 
polymer layer. It may have efficient electron transfer pathway from calomel via the polymer bound to the 
electrode surface and can also be used as an alternative method for the determination of total phenolic 
compounds.
The biosensor exhibited good performance in terms of reusability, operational stability, fabrication 
simplicity and shelf-life. This simple, easy- to-construct, reagent less electrode is suitable for micro-molar 
quantification of tyrosine and dopa. 
5. Acknowledgement
Authors sincerely acknowledge the University Grants Commission, New Delhi (India) for financial 
assistance through Major research project [No: 34/284 (2008)]. 
6. References 
[1] Clark,L.C. and Lyons C. Electrode system for continuous monitoring in cardiovascular surgery . Ann 
N.Y.Acad. Sci. 1962 ; 102: 29-35. 
[2] Nikola Loncer,Natasa Boric, Ivan Andelkovic Aleksandra Milovanovic Biljana Dojnov,Miroslava 
Vujcic ,Goran Roglic and Zoran Vujcic,.Serb.Chem.Soc 2011;76(0)1-10. 
[3]Chen, X., Cheng, G., Dong S., Amperometric tyrosinasebiosensor based on a sol- gel derived titanium 
oxide-copolymer composite matrix for detection of phenolic compounds. Analyst  2001; 126, 1728-1732. 
[4]Tembe.S., Inamdar S., Haram S., Karve M., Melo J., D’Souza S.F., Development of electrochemical 
biosensor based on tyrosinase immobilized in composite biopolymeric film. Anal.Biochem. 2006;,349, 
72-77. 
[5] Yaropolov. A., Kahrybin.A. , Emmeus.J., Marko-Varga, G., Gorton.L. Flow-injection analysis of 
phenols at graphite electrode modified with co-immobilised laccase and tyrosinase. Ana Chim Acta 
1995;308: 137-144. 
[6] Tillyer.C.,  Gobin P., The development of catechol enzyme electrode and its possible use for the 
diagnosis and monitoring of neutral crest tumors. Biosens Bioelectron 1991;6, 569-573.  
[7]Sham.D. , Mousty C., Cosnier S., Mu.S., A composite polyazure B-clay-enzyme for the mediated 
electrochemical determination of phenols. J Electroanal Chem 2002; 537, 103-109. 
[8] Cosnier Serge., Biomolecule immobilization on electrode surfaces by entrapment or attachment to 
electrochemically polymerized films.A review. Biosensors and Bioelectronics 1999; Vol.14,(5) 443-456. 
[9] F. R. R. Teles and L. P. Fonseca, “Applications of polymers for biomolecule immobilization in 
electrochemical biosensors,” Materials Science and Engineering C, 2008;Vol. 28, no. 8, pp. 1530–1543.  
35 Anita S.Goswami-Giri /  Procedia Chemistry  6 ( 2012 )  27 – 35 
[10] Yan Wang᧨Xiuhua Zhang, Yang Chen, Hui Xu, Yumei Tan, Shengfu Wang, Detection of 
Dopamine Based on Tyrosinase-Fe3O4 Nanoparticles-chitosan Nanocomposite Biosensor.Am. J. Biomed. 
Sci. 20102(3), 209-216. 
[11] Tembe, S.; Kubal, B.S. ; Karve, M. ; et al.  Glutaraldehyde activated eggshell membrane for 
immobilization of tyrosinase from Amorphophallus companulatus: Application in construction of 
electrochemical biosensor for dopamine. Anal. Chim. Acta, 2008; 612, 212–217.  
[12] Lowry O.H., Rosebrough N.J., Farr A.L., Randall R.J. Protein measurement with the folin phenol 
reagent. J Biol Chem; 1951; 193:265-75.  
[13]M.Bonakar,J.L.Vilchez, H.A. Mottola Bioamperometric Sensors for Phenol Based on Carbon Paste 
J.Electroanal.Chem. , 1989; 266,47.  
[14] Terashima,Tata N.Rao,B.V.Sarada, D.A.Tryk and A.Fujishima electrochemical oxidation of 
chlorophenols of aBoron-Doped Diamond electrode and their determination by high performance liquid 
chromatography with ampherometric determination.”Anal Chem 2002;74,895-902. 
 
